Forty-eight patients with mitral regurgitation were studied by echocardiography to establish differential diagnostic features. Six patients with rheumatic mitral insufficiency manifested broad and bright echoes from the anterior mitral leaflets and slowed EF slopes. In the majority of patients with prolapse of the mitral valve leaflets due to rupture or redundancy of the chordae tendineae, a posterior sagging of the CD portion of the thin mitral leaflet echoes was evident. Cases with anterior leaflet rupture revealed increased rate and amplitude of anterior cusp opening with a spiked E point. Eight patients with posterior ruptured chordae tendineae were noted to have a paradoxical diastolic anterior motion oc the posterior mitral leaflet. Eight instances of mitral insufficiency due to papillary muscle dvsfunction manifested a flat CD segment and characteristic double diamond-shaped pattern of the leaflets, lying within an enlarged left ventricular cavity. In two patients with mitral insufficiency associated with calcification of the mitral annulus, a thickened, intense echo was seen posterior to the leaflets. Echocardiograms taken in the patients with severe mitral insufficiency also demonstrated enlarged left ventricular end-diastolic dimensions, increased stroke volume, and increased amplitude of septal motion. The ejection fraction was usually normal, but in 11 it was reduced, suggesting impaired left ventricular function. Echocardiography is an extremely useful technique in evaluating patients with mitral insufficiency, delineating the etiology and severity of the disease, and aiding in grossly assessing left ventricular function.
SUMMARY
Forty-eight patients with mitral regurgitation were studied by echocardiography to establish differential diagnostic features. Six patients with rheumatic mitral insufficiency manifested broad and bright echoes from the anterior mitral leaflets and slowed EF slopes. In the majority of patients with prolapse of the mitral valve leaflets due to rupture or redundancy of the chordae tendineae, a posterior sagging of the CD portion of the thin mitral leaflet echoes was evident. Cases with anterior leaflet rupture revealed increased rate and amplitude of anterior cusp opening with a spiked E point. Eight patients with posterior ruptured chordae tendineae were noted to have a paradoxical diastolic anterior motion oc the posterior mitral leaflet. Eight instances of mitral insufficiency due to papillary muscle dvsfunction manifested a flat CD segment and characteristic double diamond-shaped pattern of the leaflets, lying within an enlarged left ventricular cavity. In two patients with mitral insufficiency associated with calcification of the mitral annulus, a thickened, intense echo was seen posterior to the leaflets. Echocardiograms taken in the patients with severe mitral insufficiency also demonstrated enlarged left ventricular end-diastolic dimensions, increased stroke volume, and increased amplitude of septal motion. The ejection fraction was usually normal, but in 11 it was reduced, suggesting impaired left ventricular function. Echocardiography is an extremely useful technique in evaluating patients with mitral insufficiency, delineating the etiology and severity of the disease, and aiding in grossly assessing left ventricular function.
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Rheumatic mitral disease Left ventricular function Prolapsing leaflets Papillary muscle dysfunction M ITRAL REGURGITATION is readily diagnosed by the skilled clinician and, in most cases, easily differentiated from other causes of systolic murmurs such as valvular aortic stenosis, ventricular septal defect, hypertrophic subaortic stenosis, or functional murmur. Today, however, proper cardiological diagnosis requires more than mere recognition of mitral insufficiency. It has become apparent that a variety of types of mitral regurgitation exist and differentiation of these has clinical importance.'
The purpose of this report, then, is to review the salient echocardiographic findings in various types of mitral regurgitation. Differentiation of acute regurgitation from chronic forms, estimation of the severity of mitral regurgitation, and identification of left ventricular dysfunction will also be discussed.
Methods
Forty-eight patients with mitral regurgitation were studied and were classified according to the pathophysiology of the mitral valve apparatus. The findings during operation and the surgical-pathological specimens were used as means of confirming the type of mitral insufficiency. Pathological confirmation was available in the patients with rheumatic mitral regurgitation, severe prolapse of the leaflets, and papillary muscle dysfunction; it was absent in those with hypertrophic subaortic stenosis and late systolic murmur syndrome, conditions in which the etiology of the regurgitation was evident without direct inspection of the valve apparatus. In the majority of cases, the echocardiogram was taken and interpreted prior to cardiac catheterization and angiography. These patients represent only a fraction of the total number of patients with mitral 97 regurgitation we have recorded echocardiographically over the past three years; these patients were selected on the basis of the availability of complete clinical, catheterization, surgical, and pathological data and the absence of other cardiac problems.
Rheumatic Mitral Regurgitation
The six patients in this group all had cardiac catheterization and left ventricular angiography, and five of the six had open heart surgery. In each instance, the predominant lesion was found to be mitral regurgitation with negligible stenosis. The rheumatic etiology of this group was established from pathological specimens by the presence of leaflet thickening, retraction, and fibrosis in all patients, and by mitral valve calcification in three. Minimal degrees of stenosis with commisural fusion and chordal shortening were also noted.
Prolapse of the Mitral Valve Leaflet(s) with Severe Mitral Regurgitation
Rupture of the chordae tendineae to the anterior leaflet of the mitral valve was present in five patients and to the posterior leaflet in eight patients. All of these patients had cardiac catheterization, left ventricular angiography, and cardiac surgery. The diagnosis of ruptured chordae tendineae was confirmed by surgical inspection. Cusp plication was performed when the posterior leaflet was involved, and a prosthetic valve was placed in those patients with anterior leaflet rupture. In four of these cases, pathological examination of the surgical specimen revealed hyalinization and mucoid degeneration of the valve leaflets, and one had evidence of endocarditis.
An additional four patients had severe prolapse of the mitral leaflets due to the stretched or elongated chordae without actual rupture. All of these underwent valve surgery and were found to have aneurysmal ballooning of the mitral leaflet. On pathological inspection, the leaflets were found to be larger than normal and to have mucinous degeneration of both cusps and chordae. Two additional patients had Marfan's syndrome and mitral regurgitation, and ballooning mitral leaflets were identified angiographically. These patients did not have cardiac surgery.
Mild Prolapse of the Mitral Valve Leaflet
Associated with Late Systolic Murmur with or without Midsystolic Click Only two of the six patients in this group had cardiac catheterization and none underwent surgery because their regurgitation was mild. All were classified on the basis of their clinical presentation.
Mitral Regurgitation Due to Left Ventricular Wall and Papillary Muscle Dysfunction
Of the eight patients in this group, two had cardiomyopathy and six had coronary artery disease. In two of these patients, a murmur of mitral regurgitation was known to have developed following myocardial infarction. All the patients in this group had cardiac catheterization and left ventricular angiography. Mild mitral regurgitation was detected in three and more severe degrees of regurgitation in the other five. Of the six patients with coronary artery disease, a ventricular aneurysm was found in three, and two had a discrete area of dyskinesia. Two of the patients in this group underwent mitral valve replacement, and, in both, the papillary muscle as well as a corresponding portion of the left ventricular wall were noted to be fibrotic. One patient in this group had autopsy findings of papillary muscle and left ventricular wall fibrosis without other pathological changes of the mitral valve apparatus.
Mitral Regurgitation Associated with Calcification of the Mitral Annulus
Two patients with clinical findings of mitral regurgitation were proven on roentgenogram and fluoroscopy to have a heavily calcified mitral annulus. 6 . Mitral Regurgitation Associated with Hypertrophic Subaortic Stenosis Seven patients were proven to have hypertrophic subaortic stenosis by cardiac catheterization and angiography and, in addition, were noted to have mild to moderate degrees of mitral regurgitation.
The patients were also classified according to the chronicity of their disease: those who were identified as having a murmur and onset of symptoms within the previous 18 months were considered to have acute mitral regurgitation, whereas those with documented mitral insufficiency of longer duration were considered to have chronic disease.
In an effort to investigate the specific echocardiographic findings in patients with severe mitral regurgitation, those patients with marked insufficiency-3-4+ mitral reflux as judged by left ventriculography-were grouped separately. Excluded from this portion of the evaluation were patients with left ventricular and/or papillary muscle dysfunction (Group 4), since our purpose was to study the effects of severe mitral insufficiency per se and not the effects of left ventricular disease or coronary artery disease. The ultrasound records were obtained using a Sperry Reflectoscope utilizing a 2MHz transducer with a 13 mm diameter. Most of the recordings were made on an Electronics for Medicine DR-8 strip chart recorder and included simultaneous ECG, phonocardiogram, and indirect carotid pulse tracing. In a few instances, Polaroid photographs of the B-scan cathode ray oscilloscope were used. Interpretation of leaflet motion and thickening is easier with the strip chart recorder, but findings with both types of recordings are similar. The patients were studied in the supine position with the transducer placed in the third or fourth intercostal space, adjacent to or 1-2 cm to the left of the sternal edge. Recordings of the aortic root, left atrium, mitral valve, ventricular septum, and left ventricular posterior wall were obtained by placing the transducer at these locations and changing its direction slightly.2 The diameter of the left atrial chamber and amplitude of left atrial wall motion were measured at the end of ventricular systole well away from the mitral annulus, as described by Hirata et al. 3 
Results

Normal Mitral Valve Motion
In early ventricular systole ( fig. 1 ), the anterior mitral valve leaflet moves posteriorly as it closes (the BC portion of the tracing), but during the ejection phase of systole, the leaflet moves gradually anteriorly due to the anterior motion of the entire mitral valve annulus (the annular ascent or CD portion). In early diastole, the anterior leaflet of the mitral valve opens sharply, the E point representing the peak of its anterior motion, and the DE slope corresponding to the period of rapid ventricular filling. As diastole continues, the anterior mitral valve leaflet drifts posteriorly and partially closes (EF), but with atrial contraction, it again moves anteriorly in late diastole (A). The leaflet then drifts partially closed (AB) until it is shut more tightly by isovolumic ventricular systole (BC). Note should be taken of the fact that the mitral annulus moves anteriorly in systole and posteriorly in diastole,5 and the heart swings anteriorly during systole,6 so that the observed leaflet motion actually represents an algebraic sum of the leaflet and annular movement and overall swinging of the heart.
The posterior leaflet of the mitral valve is not as easily recordable as is the anterior leaflet, but by carefully moving the transducer and changing the gain, an adequate tracing can usually be obtained. In systole, the echo from the posterior leaflet merges with the anterior leaflet echo, moving slightly anteriorly during the annular ascent phase (CD). After iorly, moving away from the anterior leaflet (DE). As diastole continues, the posterior leaflet moves more or less in a mirror image of the anterior leaflet, moving anteriorly during its EF slope and posteriorly again when atrial contraction (A) occurs. In most cases, the amplitude of posterior leaflet motion is less than that of the anterior leaflet, probably because the posterior leaflet is a smaller structure. Using the Sperry Reflectoscope, the anterior and posterior leaflets usually merge into a single echo during the systolic CD portion. Other instruments, such as Ekoline, however, may show more than one separate parallel CD echo moving anteriorly during systole, possibly reflecting off different portions of the anterior and/or posterior mitral valve leaflets or chordae.
The thickness or density of the mitral valve leaflets can be determined by decreasing the gain or sensitivity setting on the apparatus, and thus judging their thickness as compared with that of neighboring structures such as left ventricular wall and interventricular septum. During this maneuver, as the image of the ventricular and septal walls disappears, thickened mitral leaflets persist and appear as broader than normal echoes, whereas more heavily calcified leaflets or annulae appear as even more persistent, denser echoes.
General Findings in Mitral Regurgitation:
Estimates of Severity, Chronicity, and Left Ventricular Function Table 1 reveals that in severe forms of mitral regurgitation, the end-diastolic dimension is invariably large, ranging from 5.6 to 9.3 cm. Similarly, the stroke volume is large (averaging 116 ml/beat), mainly as a result of an increased amplitude of septal motion.
The estimated ejection fraction (stroke volume/ end-diastolic volume), a measure of contractile fiber shortening and, therefore, an index of myocardial function, is usually normal (averaging .47) with 18 of 29 patients falling within the normal range of .41-.60. This range is based upon our observations in 100 patients with no evidence of left ventricular disease. It is of note that in 11 cases the ejection fraction was reduced below our accepted normal of .41, suggesting that left ventricular function had become impaired. In 10 of these 11 patients, the left ventricular end-diastolic pressure at cardiac catheterization was found to be elevated (15 mm Hg or above). By way of contrast, only five of 18 patients with ejection fractions greater than .41 had left ventricular end-diastolic pressures greater than 15. Abbreviations: EDD = end-diastolic dimension; Septal amplittude = amplitude of motion of itnterventricular septuim; LAD = left atrial dimension; LVED pressure = left ventricular end-diastolic pressure. 
Abbreviations: LAI) = left atrial dimension; LAW amplitude = amplitude of motion of posterior left atrial wall; EDD = end-diastolic dimension of left ventricle; Septal amplitude = amplitude of motion of interventricular septum.
As a whole, the group with acute mitral regurgitation, i.e., those of 18 months duration or less, had indistinguishable cardiac dimensions from the more chronic varieties of mitral regurgitation as measured echocardiographically (table 2) . Thus, in both groups, there was no significant difference in left atrial dimension, left atrial wall amplitude, or left ventricular dimension.
Characterization of Etiology of Mitral Insufficiency
Rheumatic Mitral Insufficiency
In rheumatic mitral insufficiency, (fig. 2) the echoes from the mitral valve leaflets appeared broader and brighter than normal, indicating thickened and, at times, calcified structures. In contrast, the leaflets of the nonrheumatic varieties of mitral regurgitation invariably appeared thin, and the intensity of the echo was less than that of the left ventricular posterior wall and septum. As previously mentioned, a thickened leaflet is best recognized by reducing the gain so that other structures begin to fade out, and the thickened leaflet seems relatively more dense than other structures. This is an extremely reproducible finding, both with the same individual performing gurgitation. The anterior mitral leaflet is broader and brighter than normal, indicating thickening. The latter portion of the EF slope has a more marked decrease in the rate of descent than the initial portion and appears concave. This pattern is indistinguishable from that seen in moderate degrees of mitral stenosis or in mixed mitral stenosis and insufficiency.
Circulation, Volume XLVIII, July 1973 [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] mm), and the rate of valve opening was normal to increased (DE slope 224-517 mm/sec). After the E point, the anterior leaflet of the mitral valve begins to drift closed at a moderately diminished rate; this EF segment is often slightly concave in reference to the transducer. Thus, the initial part of the EF slope often falls more rapidly (47-64 mm/sec) and then continues to move posteriorly at a more leisurely rate (10-27 mm/sec) ( fig. 2 ). The thickened leaflet and slowed EF slope are, therefore, similar to, and at times indistinguishable from, those seen in mild to moderate degrees of mitral stenosis.
Prolapse of the Mitral Valve Leaflets with Severe Mitral Regurgitation
In patients with prolapsing leaflets due to ruptured or stretched chordae tendineae, the echoes from the anterior and posterior leaflets were always thin. The most prominent finding in this group was increased amplitude (CE) and rate of opening (DE) of the anterior mitral valve leaflet (table 3) . The anterior mitral valve leaflet often appeared to approach or strike the ventricular septum, so that the E point was lost within the echoes of the ventricular septum. In 15 cases, either the anterior or posterior leaflet appeared to sag posteriorly during most of the CD portion of ventricular ejection, forming a "hammock-like appearance" (figs. 3, 4, 5). These widely separated CD echoes Circulation, Volume XLVIII, July 1973 were consistently obtained from different transducer positions, and, therefore, they were thought to reflect imperfect coaptation of the two leaflets. This double echo might thus be from both leaflets or from a single, prolapsing leaflet. It should be emphasized that double or multiple CD echoes which are parallel and narrowly spaced are often seen in normal individuals. We do not diagnose a prolapsing leaflet unless the two echoes are widely separated and, oftentimes, bowing posteriorly. The latter constellation of findings is seldom found in normals. Scanning from the aorta to the left ventricle often facilitates recognition of true prolapse. Echocardiogram in a patient with ruptured chordae tendineae to the posterior leaflet. The posterior leaflet is recorded as a separate entity from the anterior leaflet throughout systole (CD) and is seen to move rapidly anteriorly with the onset of diastole.
The five patients with anterior leaflet rupture tended to have the largest amplitudes and rates of opening of the anterior mitral leaflet (table 3) The echocardiogram in a patient with ruptured chordae tendineae to both the anterior and posterior leaflets proven at surgery. The anterior leaflet exhibits an increased amplitude of motion (55 mm) and an increased opening velocity (DE slope) of 618 mm/sec. During systole, the anterior and posterior leaflets are recorded at different distances from the transducer, indicating a lack of leaflet coaptation. In late systole, both the anterior and posterior leaflets are seen to prolapse posteriorly. With the onset of diastole, 'the posterior leaflet continues to parallel the anterior leaflet motion, a characteristic finding in ruptured chordae tendineae of the posterior leaflet. This latter finding is not invariably seen, however, and since the publication of that report we have noted consistently in posterior leaflet rupture a paradoxical anterior motion of a portion of the posterior mitral valve leaflet in early diastole (figs. 4, 5) . This was present in all eight patients with ruptured chordae tendineae to the posterior leaflet, the paradoxical leaflet being seen just below the anterior leaflet during the DE portion of diastole.
In the patients with stretched chordae and aneurysmal mitral leaflets without chordal rupture, the amplitude and rate of anterior leaflet opening tended to be at the upper limits of normal or above, but the findings were not so distinctive as seen in ruptured chordae. The anterior leaflet echo was often noted to have a rounded E point ( fig. 6 ) and tended to merge with the echoes from the ventricular septum. The findings in stretched chordae were generally suggestive of a mitral valve abnormality but, at times, not diagnostic, so that a distinction from some patients with normal mitral valves cannot be made with certainty in all cases. The anterior leaflet of the mitral valve generally demonstrated an amplitude of motion which was decreased or at the lower limits of normal (table  3) , and the CD exhibited less anterior motion than normal ( fig. 7) . However, the posterior leaflet motion was the most unusual, in that it was relatively easily recordable as a mirror image of the anterior leaflet. The leaflets were not thickened. The distance from the septum to the E point of the anterior leaflet echo was increased, averaging 21 mm as compared with a normal of 2 to 5 mm, indicative of the increased left ventricular dimensions (see below), and, indeed, the left ventricle showed a moderate to severe degree of enlargement with a range of 6.3 to 8.8 cm end-diastolic dimension. The posterior-inferior left ventricular wall often demonstrated areas of decreased amplitude of motion (hypokinesia) and, at times, akinesia. The well visualized anterior and posterior valve leaflets lying within an enlarged left ventricle often gave the appearance of one or two diamonds.
Mild Prolapse of the Mitral Valve Leaflet
Mitral Insuf}iciency Associated with Calcification of the Mitral Annulus
In two patients, a thickened intense echo was seen posterior to the mitral valve leaflets in the area where the normal mitral annulus is usually recorded (fig. 8 ). This echo was thought to be severely calcified annulus as it moved anteriorly during systole and posteriorly during diastole. Echocardiogram from patient with left ventricular failure and papillary muscle dysfunction. While the amplitude and EF slope of the anterior leaflet are normal (25 mm, 164 mm/sec), the DE slope is increased (618 mm/sec), and the CD portion during systole is horizontal. The posterior leaflet is easily recordable as a mirror image of the anterior leaflet, and there is an enlarged ventricular cavity (EDD = 7.9 cm).
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Subaortic Stenosis
The seven patients with HSS proven at cardiac catheterization all had the classic echocardiographic pattern. This pattern includes an abrupt anterior motion of the CD portion of the mitral valve in midsystole, approaching or overlying the echo from the interventricular septum. This anterior motion is generally enhanced after amyl nitrite inhalation or Valsalva maneuver. The DE slope and CE amplitude measurements of the anterior leaflet were normal, and the EF slope was reduced (table 3) . The findings were identical in HSS whether or not mitral--regurgitation was present.
Discussion
Complete evaluation of patients with mitral regurgitation requires differential diagnoses from other conditions and characterization of the specific type of mitral insufficiency under consideration.'1 Moreover, an evaluation of the chronicity and severity of the mitral insufficiency and an estimate of impairment of left ventricular function is essential to proper clinical management. It is of importance that the majority of these aims can be accomplished by echocardiography, rapidly, with impressive accuracy, and noninvasively. Mitral echo from the calcified mitral annulus can be seen just above and moving in conjunction with the echo from the posterior left ventricular wall. To the right, as the gain is increased, portions of the non-calcified mitral leaflet can be seen within the left ventricular cavity, and the distinct echoes from the posterior mitral annulus and posterior left ventricular wall merge into one. Thus, the importance of changing the gain to separate these echoes is apparent. regurgitation of marked severity is reflected echocardiographically by an augmented amplitude of septal motion associated with increased end-diastolic dimensions and increased stroke volume. These observations contrast with those in patients with predominant myocardial or coronary disease and only mild mitral insufficiency; in such cases, the left ventricular end-diastolic dimensions also are increased, but the amplitude of left ventricular wall and septal motion is diminished.9 Echocardiography is also useful in evaluating the degree of left ventricular dysfunction in mitral insufficiency; in ten of the patients with severe mitral regurgitation studied, the prolonged volume overload state seemed to have resulted in diminished left ventricular function, as evidenced at cardiac catheterization by elevation in left ventricular end-diastolic pressure, and as determined by ultrasound, by an ejection fraction below .41 (see Appendix).
Management of a patient with mitral regurgitation may be facilitated by identifying the chronicity of the disease, i.e., whether acute or more chronic mitral reflux is present. However, the present study indicates that echocardiography falls short in serving this purpose, as there were no significant differences in atrial or ventricular dimensions among patients with acute and more chronic insufficiency. Although patients with acute regurgitation tend to have relatively small left atria10 and more systolic expansion of the posterior left atrial wall, the overlap seen in this study probably reflects the variability of other factors bearing on these measurements, the most important of whichi may be different degrees of mitral insufficiency and the fact that lateral rather than posterior expansion of the left atrium may occur and not be detected by the echocardiogram.
Several points should be stressed about those findings noted in the different types of mitral regurgitation. The most characteristic finding in rheumatic mitral insufficiency is thickened, intense echoes from the anterior mitral valve leaflet, associated with a moderate slowing of the EF phase. It has previously been reported that the EF slope is augmented in rheumatic mitral insufficiency,ll 12 but we have not found this to be so. It is likely that many of the previously reported cases showing enhanced EF slopes were, in reality, nonrheumatic forms of mitral insufficiency. It has also been stated that differentiation of mitral stenosis from mitral insufficiency may be accomplished using echocardiography.1Y In our experience, however, many patients with mild to moder-ate degrees of mitral stenosis have echocardiographic findings similar to those with predominant rheumatic mitral insufficiency, and the entire battery of clinical factors correlated with echocardiographic findings remains necessary to make this clinical distinction.
In severely prolapsing valves, whether or not they were due to rupture or simply redundant chordae with ballooning leaflets, the increased amplitude and rate of opening of the anterior mitral valve leaflets and a posteriorly sagging systolic echo constituted the most characteristic findings. Similar findings have been previously described in mitral regurgitation,12 although it was not recognized that these reflect a particular pathophysiological type of valvular insufficiency. In patients with late systolic murmurs with and without midsystolic clicks,13 the echocardiographic abnormalities are more subtle, showing only slight late-systolic (CD) prolapse. 7 8 Under normal circumstances, papillary muscle contraction occurring concomitantly with left ventricular contraction is thought to tense the chordae tendineae, thereby preventing prolapse of the leaflets into the left atrium. Loss of this contractile function as a result of myocardial infarction, ischemia, or fibrosis has been noted to be a cause of mitral regurgitation.14 This entity has been termed "papillary muscle dysfunction." However, we found no evidence of severe leaflet prolapse in the current echocardiographic study, i.e., no posterior motion of the mitral leaflets was seen during the CD phase. Rather, the dominant echocardiographic findings included an enlarged left ventricular cavity, reduced overall mobility of the mitral leaflets (low CE amplitude and horizontal CD slope) with both leaflets easily recorded, forming a diamond-shaped pattern. In several instances, areas of the posterior left ventricular wall appeared to be hypokinetic.
These findings are in concert with an alternate mechanism of "papillary muscle dysfunction": that is, the abnormal position and anchoring of these papillary muscles leads to the mitral regurgitation.'5 16 Normally, the papillary muscles arise near the apical aspect of the left ventricle, allowing a vertical pull on the chordae tendineae. When the papillary muscles have been displaced basally, in the case of a dilated left ventricle for example, the pull by the chordal-papillary apparatus on the mitral leaflets is in a more oblique, lateral direction, and normal valvular competency is impaired. Such a condition would be expected to occur not only in ventricular dilatation, but also in cases where portions of the left ventricle are akinetic, hypokinetic, or frankly aneurysmal. In fact, our group16 and others'7 have shown that a combination of papillary muscle and left ventricular free wall dysfunction often must coexist to produce mitral regurgitation. It is probable that this abnormal tethering of the mitral leaflets by the malpositioned papillary muscles accounts for the subnormal mitral leaflet mobility and flat CD phase seen in many of our patients with papillary muscle dysfunction, and this might potentially lead to imperfect valve coaptation. An alternative explanation for these findings is that the low amplitude of mitral leaflet motion is related to the decreased stroke volume in those patients with heart failure (despite the presence of mitral insufficiency), and the flattened CD portion might be a function of decreased motion of the mitral annulus. We should emphasize that we have seen the diamond-shaped echoes in patients with dilated left ventricles but no evidence of mitral regurgitation and, therefore, the pattern described primarily reflects impaired left ventricular function rather than the regurgitation per se.
An abnormal traction on the anterior mitral valve leaflet also occurs in hypertrophic subaortic stenosis, where the thickened left ventricular septum may impinge upon the chordae tendineae arising from the antero-lateral papillary muscle. In this entity, mitral regurgitation occurs fairly frequently. The anterior mitral valve leaflet is pulled toward the septum in midsystole, and the CD segment of the echocardiographic tracing moves anteriorly, impairing normal leaflet coaptation. [18] [19] [20] Many workers believe that systolic sphincteric narrowing of the mitral annulus is one of the factors maintaining valvular competency. Calcification of the mitral annulus is thought to impair this action and to allow mitral regurgitation to occur.2' We were unable to confirm such a mechanism in our patients wIth degenerative calcification of the mitral annulus, since the calcified structures seen posterior to the mitral leaflets tended to move in a relatively normal fashion. These echocardiographic findings have practical applicability. Once having made the clinical diagnosis of mitral regurgitation, echocardigraphy is especially useful in differentiating the etiology. Recognition of rheumatic mitral regurgitation indicates that a chronic and probably slowly progressive process is present and signals the possible coexistence of other valvular abnormalities. Prolapsing leaflets may point to a patient with overt or "forme fruste" Marfan's syndrome or may suggest that the regurgitation is relatively acute and, Circulation, Volume XLVIII, July 1973 therefore, may be poorly tolerated. Recognition of posterior ruptured chordae tendineae takes on special interest, since this is the one type of mitral regurgitation which may be corrected surgically by simple plication of the mitral leaflet without resort to valve replacement. 22 In summary, then, we find that echocardiography provides an unusually valuable adjunct in the evaluation of patients with clinically detected mitral regurgitation and recommend its use routinely in the clinical assessment of such patients.
Appendix
Adequate endocardial echoes were generally not obtained with the Sperry Reflectoscope, so that the left ventricular dimensions are greater than when endocardial echoes are recorded. We have found that our more recent echocardiograms, using the Ekoline, yield comparable results to those found in this study but, as a result of altered values for left ventricular dimensions, the ejection fractions are higher in both the normal and abnormal groups. In normals, the ejection fraction ranges between .50 to .70, while patients with impaired left ventricular function tend to have ejection fractions below .50.
